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1	Introduction
In RAN4#90, it was agreed with the way forward on RLM for HST [1] as follows: 
	WF for RLM monitoring
· Option 1(Intel): A new signaling will be introduced for UE to indicate network that it is going to be out-of-sync if PDCCH block error rate is above Qout,E1
· Option 2(QC, Ericsson): Do not introduce new signaling 
WF for Capability and Configuration Signaling
· HST CA capability and configuration signaling will be decided in next meeting
· Option 1: Apply existing highSpeedEnhancedMeasFlag to the Scell
· Option 2: Introduce new UE capability and flag for supporting enhanced RRM on SCC
· Capability and configuration signaling for Rel.16 new requirements targeting higher speed will be decided in next meeting
Other changes/options are not precluded



We show our simulation results on PDCCH assuming RLM and discuss further on RLM under HST. 
2	Discussion
It is well known the radio link monitoring (RLM) is a procedure where UE measures the channel quality based on CRS. If the measured download channel quality is below the threshold Qout, UE indicates out-of-synch to the higher layer. On the other hand, the measured channel quality exceeds the threshold, UE indicates in-synch to the higher layer. 
According to TS36.133 7.6.1, the threshold Qout is defined as the level at which the channel quality corresponds to 10% BLER of a hypothetical PDCCH. On the other hand, the threshold Qin is defined as the level at which the channel quality can be significantly more reliably received than at Qout and shall correspond to 2% BLER of a hypothetical PDCCH. The assumed PDCCH parameters are shown in the appendix. 
When RAN4 introduced RLM requirements, RAN4 usually performs PDCCH simulations based on the assumption parameters and verifies the thresholds Qin (i.e., SNR corresponding to 2% of PDCCH BLER) is significantly high compared with Qout (i.e., SNR corresponding to 10% of PDCCH BLER). We therefore performed the PDCCH simulation with high speed condition such as Doppler=750, 825, and 1250Hz with HST and EVA channel models as shown in Table 1.
[bookmark: _Ref7036878]Table 1	Simulation parameters for DPCCH for RLM
	Parameters
	Out-of-synch
	In-synch

	DCI formats
	1A
	1C

	Channel BW
	10MHz
	10MHz

	Aggregation level
	AL8
	AL4

	Antenna configuration
	1x2, 2x2

	Propagation channel
	HST750, HST875, HST1250
EVA750, EVA875, EVA1250



Figure 1 and Figure 2 shows the PDCCH BLER for HST channel model and EVA channel model, respectively. It is observed from the simulation results that the PDSCH BLER does not achieve 1% even at SNR=20dB for Doppler=1250Hz with 1Tx scenario. 
Observation 1: For the maximum Doppler frequency of 1250 Hz with single Tx transmission, it requires very high SNR to achieve PDCCH BLER < 1% or it may not achieve PDCCH BLER < 1%. 
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[bookmark: _Ref7076992]Figure 1	PDCCH BLER for HST channel model.
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[bookmark: _Ref7076994]Figure 2	PDCCH BLER for EVA channel model.
Table 2 summarizes the required SNR to achieve 2% (Qin) and 10% (Qout) of PDCCH BLER for each condition and shows the difference of SNR between Qin and Qout. It is observed that the separation is more than 4.0dB. Traditionally RAN4 add +/-3.0dB for fading channel case to derive SNR test point before/after Out-of-synch. We think the SNR separation > 4.0dB is enough to setup the RLM test cases if RAN4 will reuse the same margin for enhanced HST scenario. 
[bookmark: _GoBack]We should point out the reason of large Qin-Qout separation of EVAl1250 with 1Tx is because it requires very high SNR to achieve PDCCH BLER of 2%. From the observation, we don’t think PDCCH with 1Tx is feasible for very high speed scenario such as Doppler=1250Hz. Even if RLM is feasible our simulation result shows PDCCH BLER does not reach 1%. This is a huge impact for PDSCH performance. 
We therefore propose 1) to introduce a signalling to indicate very high speed condition speed ≤ 500 km/hour (1250 Hz Doppler) and 2) to specify RAN4 RLM requirements only for transmit diversity configuration in case this signalling is indicated. 

[bookmark: _Ref7096110]Table 2	SNR to achieve 2% (Qin) and 10% (Qout) of PDCCH BLER and the difference between Qin and Qout.
	
	1Tx
	2Tx

	Channel model
	Qout
	Qin
	Diff
	Qout
	Qin
	Diff

	HST750
	-9.88
	-4.43
	5.45
	-8.88
	-3.64
	5.24

	HST875
	-7.95
	-3.76
	4.19
	-7.83
	-3.23
	4.60

	HST1250
	-4.23
	-0.16
	4.07
	-4.28
	-0.14
	4.14

	EVA750
	-6.47
	-1.05
	5.42
	-5.94
	-0.70
	5.24

	EVA875
	-4.99
	0.69
	5.68
	-4.76
	0.64
	5.40

	EVA1250
	3.27
	12.84
	9.57
	0.86
	7.02
	6.16



3	Conclusion
Observation 1: For the maximum Doppler frequency of 1250 Hz with single Tx transmission, it requires very high SNR to achieve PDCCH BLER < 1% or it may not achieve PDCCH BLER < 1%.
Proposal 1: RAN4 introduce a new signalling indicating very high speed configuration for speed up to 500 km/hour (1250 Hz Doppler at 2.7 GHz). 
Proposal 2: RAN4 specify RLM requirements only for the condition PDCCH is transmitted with transmission diversity when the new very high speed signaling is indicated.
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Appendix
Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols

	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  10 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz
8; Bandwidth  3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Note 1:	DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.



Table 7.6.1-2 PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  10 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
-3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Note 1:	DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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